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METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE AND 

SEMICONDUCTOR DEVICE 

BACKGRO UND OF THF, INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufacturing a semiconductor device using 
a gettenng technique and a semiconductor device obtained by the manufacturing method More 
particularly, the present invention relates to a method of manufacturing a semiconductor device 
using a crystalline semiconductor film produced by adding a metal element havin 2 catalvsis to 
crystallization of a semiconductor film and a semiconductor device. 
2. Description of the Related Art 

A thin film transistor (hereinafter referred to as a TFT) is known as a tvpical 
semiconductor element using a semiconductor film having a crystalline structure (hereinafter 
referred to as a crystalline semiconductor film). The TFT is noted as a technique for formino 
$ 15 ^ lnt6grated drCUit °" an inSUlati "S ^trate made of glass or the like, and a driver circuit 
„ integrated liquid crystal display device and the like are putting into practical use. According to 

^ a conventional technique, an amorphous semiconductor film deposited by a plasma CVD method 

JU or a low pressure CVD method is processed by heat treatment or a laser annea, method 

(technique for crystallizing a semiconductor film by laser light irrad.atton) to produce the 
U zu crystalline semiconductor film. 

Since the crystalline semiconductor film thus produced is an aggregate of a iarse number 
of crystal grams, and its crystal orientation is oriented in an arbitrary direction which is thus 
uncontrollable, this causes a reduction in a characteristic of the TFT. To solve such a problem 
a technique disclosed in Japanese Patent Application Latd-open No. Hei 7-183540 is one 
performed by adding a meta, element having catalysis, such as nickel, in crystallization of an 
amorphous semiconductor film, and orientation property of the crystal orientation can be 
improved to be a single direction, in addition to an effect of decreasing a heatin 2 temperature 
required for the crystallization. When a TFT is made from a crystalline semiconductor film 
produced by this method, a reduction in a subthreshold coefficient (S value) and improvements 
of a static characteristic and a dynamic characteristics become possible in addition to an 
improvement of electric field effect mobility. 

However, since a metal element having catalysis is added, there is such a problem that 
the metal element is left in the inner portion or the surface of the crystalline semiconductor film 
and thus a characterise of an obtained TFT is varied. One example is increase of an off 
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current and there is such a problem that a variation between the individual TFTs is caused. 
That is, the metal element having catalysis to crystallization conversely becomes unnecessary 
once the crystalline semiconductor film has been formed. 

Gettering using phosphorus is effectively used as a method of removing such a metal 
element from a specific region of the crystalline semiconductor film. For example, phosphorus 
is added to a source and a drain regions of a TFT and then heat treatment is performed at 450 to 
700°C, whereby the metal element can be easily removed from the channel forming region. 

Phosphorus is implanted to the crystalline semiconductor film by an ion dope method 
(which is a method of dissociating PH 3 or the like with plasma and accelerating ions of Phh by 
an electric field to implant it into a semiconductor, and a method in which ion mass separation is 
not basically performed). A concentration of phosphorus required for gettering is 1 x L() 20 /cm 3 
M or higher. Addition of phosphorus by the ion dope method causes the crystalline semiconductor 

p film to be amorphous. However, when the concentration of phosphorus is increased, a problem 

2j in which recrystallization by later anneal is hindered is caused. Also, since the addition of high 

d 15 concentration phosphorus causes an increase in a processing time required for doping, a problem 
U s in which throughput in a doping process is decreased is caused. 

* t Further, a concentration of boron required for inverting a conductivity type is 1.5 to 3 

yy times higher than that of phosphorus added to a source region and a drain region of a p-channel 

$ l TFT. Thus, a problem in which resistances of the source region and the drain region are 

20 increased according to difficulty of recrystallization is caused. 
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SUMMARY OF THE INVENTION 
The present invention is a means for solving such problems, and an object of the present 
invention is to provide a technique for easily removing a metal element left in a crystalline 
semiconductor film obtained using the metal element having catalysis to crystallization of an 
amorphous semiconductor film. 

A gettering technique is positioned as a main technique in manufacturing techniques of 
an integrated circuit using a single crystalline silicon wafer. The gettering is known as a 
technique in which a metal impurity taken in a semiconductor is segregated in a gettering site bv 
30 some energy to reduce a concentration of the impurity present in an active region of an element. 
The gettering techniques are broadly divided into extrinsic gettering and intrinsic gettering. 
The extrinsic gettering produces a gettering effect by providing a chemical action or a distortion 
field from the outside. Gettering for diffusing phosphorus having a high concentration from the 
rear surface of the single crystalline silicon wafer corresponds to this extrinsic gettering, and the 
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above gettering using phosphorus to the above-mentioned crystalline semiconductor film can be 
assumed as a kind of extrinsic gettering. On the other hand, the intrinsic gettering is known as 
a technique utilizing a distortion field of lattice defect being related to oxygen produced in the 
inner portion of the single crystalline silicon wafer. The present invention focuses on gettering 
5 utilizing the lattice defect or the lattice distortion and which uses the following means for 
application to the crystalline semiconductor film with a thickness of about 10 to 100 nm. 

The present invention is characterized in that an impurity region to which a noble gas 
element belonging to the group 18 of the periodic table is added is formed in a semiconductor 
film having a crystalline structure, and gettering for segregating in the impurity region a metal 
10 element included in the semiconductor film by heat treatment is produced. Also, a one 
conductivity type impurity, such as phosphorus or boron, may be contained in the impurity 

y+ region. 

O 

A noble gas element preferably used in particular in the present invention is one kind or 

fU plural kinds of elements selected from the group consisting of He, Ne, Ar, Kr, and Xe. These 

Q 

15 ions are accelerated by an electric field to be implanted into the semiconductor film, whereby 

dangling bond and lattice distortion are produced to make it possible to form a gettering site. 

s Also, an element belonging to the group 15 or group 13 of the periodic table is applied as a one 

• • 

ni conductivity type impurity element and may be contained in the region to which the noble sas 

I y 

H element is added. 

P 20 A method of manufacturing a crystalline semiconductor film, including gettering 

^ processing using this noble gas element, comprises a first step of adding a metal element to a 

semiconductor film having an amorphous structure; a second step of crystallizing the 
semiconductor film by first heat treatment to form a crystalline semiconductor film; a third step 
of forming in the crystalline semiconductor film an impurity region to which a noble gas element 
25 is added; and a fourth step of performing gettering for segregating in the impurity region the 
metal element included in the crystalline semiconductor film by a second heat treatment after 
the third step. In the third step, selective addition of the noble gas element can be performed by 
forming a mask insulating film having an opening. Also, after the second heat treatment is 
completed, the impurity region to which the noble gas element is added is removed and a 
30 semiconductor region in which a concentration of the added metal element is reduced can be 
formed as the crystalline semiconductor film having a desired shape. 

Also, a manufacturing method of the present invention includes: a first step of selectively 
adding a metal element to a first region of a semiconductor film having an amorphous structure: 
a second step of crystallizing the semiconductor film by first heat treatment to form a crystalline 
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semiconductor film; a third step of adding in the first region of the crystalline semiconductor 
film a noble gas element; and a fourth step of performing gettering for segregating in the first 
region the metal element contained in the second semiconductor film by second heat treatment 
after the third step. After the second heat treatment is completed, the impurity region to which 
5 the noble gas element is added is removed and a semiconductor region in which a concentration 
of the added metal element is reduced can be formed as the crystalline semiconductor film 
having a desired shape. 

Also, a method of manufacturing a crystalline semiconductor film by gettering using a 
noble gas element according to the present invention is characterized in that an impurity region 
10 to which a noble gas element (also called a noble gas) is added is formed in a crystalline 
semiconductor film and gettering for segregating in the impurity region a metal clement 
contained in the semiconductor film by heat treatment is performed, and then the semiconductor 

U 

p film having the crystalline structure is irradiated with intense light. The noble gas element is 

y one kind or plural kinds of elements selected from the group consisting of He, Ne, Ar, Kr, and 

3 y 

Q 15 Xe. These ions are accelerated by an electric field to be implanted into the semiconductor film, 

^ whereby dangling bond and lattice distortion are produced to make it possible to form a gettering 

H site. 

A one conductivity type impurity may be added to the impurity region to which the noble 

1^ gas element is added, and thus both the noble gas element and the one conductivity type impurity 

-pi, 

%Q 20 are contained in the impurity region. An element belonging to the group 15 or group 13 of the 

n 

P periodic table is applied as the one conductivity type impurity. In addition, hydrogen may be 

added to the impurity region, and the noble gas element, the one conductivity type impurity, and 
hydrogen are all contained in the impurity region. 

An element belonging to the group 15 of the periodic table and an element belonging to 
25 the group 13 thereof may be added to the impurity region to which the noble gas element is 
added, and the noble gas element, the element belonging to the group 15 of the periodic table and 
the element belonging to the group 13 thereof are all included in the impurity region. 

An element belonging to the group 15 of the periodic table, an element belonging to the 
group 13 thereof, and hydrogen may be added to the impurity region to which the noble gas 
30 element is added, and thus the noble gas element, the element belonging to the group 15 of the 
periodic table, the element belonging to the group 13 thereof, and hydrogen are all contained in 
the impurity region. 

Thus, a method of manufacturing a crystalline semiconductor film using a noble gas 
element comprises a first step of adding a metal element to a first semiconductor film having an 
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amorphous structure; a second step of crystallizing the first semiconductor film by first heat 
treatment to form a second semiconductor film having a crystalline structure; a third step of 
forming an impurity region to which the noble gas element is added in the second semiconductor 
film; a fourth step of performing gettering for segregating in the impurity region the metal 
element contained in the second semiconductor film by second heat treatment after the third step; 
and a fifth step of irradiating the semiconductor film having the crystalline structure with intense 
light. 

Alternatively, a manufacturing method of the present invention comprises: a first step of 
adding a metal element to a first semiconductor film having an amorphous structure; a second 
step of crystallizing the first semiconductor film by first heat treatment to form a second 
semiconductor film having a crystalline structure; a third step of forming an impurity region to 
which a one conductivity type impurity and a noble gas element are added in the second 
semiconductor film; a fourth step of performing gettering for segregating in the impurity region 
the metal element contained in the second semiconductor film by second heat treatment after the 
third step; and a fifth step of irradiating the semiconductor film having the crystalline structure 
with intense light. 

Alternatively, a manufacturing method of the present invention comprises: a first step of 
adding a metal element to a first semiconductor film having an amorphous structure; a second 
step of crystallizing the first semiconductor film by first heat treatment to form a second 
semiconductor film having a crystalline structure; a third step of forming an impurity region to 
which the element belonging to the group 15 of the periodic table, the element belonging to the 
group 13 thereof, and the noble gas element are added in the second semiconductor film; a fourth 
step of performing gettering for segregating in the impurity region the metal element contained 
in the second semiconductor film by second heat treatment after the third step; and a fifth step of 
irradiating the semiconductor film having the crystalline structure with intense light. 

Further, in the present invention, the metal element may be selectively added using a 
mask made of a resist or a silicon oxide film. 

Also, the present invention includes: a first step of selectively adding a metal element to a 
first region of a first semiconductor film having an amorphous structure; a second step of 
crystallizing the first semiconductor film by first heat treatment to form a second semiconductor 
film having a crystalline structure; a third step of adding a noble gas element to the first region in 
the second semiconductor film; a fourth step of performing gettering for segregating in the first 
region the metal element contained in the second semiconductor film by second heat treatment 
after the third step; and a fifth step of irradiating the semiconductor film having the crystalline 



structure with intense light. 

Alternatively, a manufacturing method of the present invention comprises a first step of 
selectively adding a metal element to a first region of a first semiconductor film having an 
amorphous structure; a second step of crystallizing the first semiconductor film by first heat 
treatment to form a second semiconductor film having a crystalline structure; a third step of 
adding a one conductivity type impurity element and a noble gas element to the first region in the 
second semiconductor film; a fourth step of performing gettering for segregating in the first 
region the metal element contained in the second semiconductor film by second heat treatment 
after the third step; and a fifth step of irradiating the semiconductor film having the crystalline 
structure with intense light. 

Alternatively, a manufacturing method of the present invention comprises a first step of 
selectively adding a metal element to a first region of a first semiconductor film having an 
amorphous structure; a second step of crystallizing the first semiconductor film by first heat 
treatment to form a second semiconductor film having a crystalline structure; a third step of 
adding an element belonging to the group 15 of the periodic table, an element belonging to the 
group 13 thereof, and a noble gas element to the first region in the second semiconductor film; a 
fourth step of performing gettering for segregating in the first region the metal element contained 
in the second semiconductor film by second heat treatment after the third step; and a fifth step of 
irradiating the semiconductor film having the crystalline structure with intense light. 

A semiconductor device manufactured through such steps is characterized in that both the 
metal element and the noble gas element are contained in a one conductivity type impurity 
region. In addition, hydrogen may be contained in the one conductivity type impurity region. 

Alternatively, a semiconductor device is characterized in that: a one conductivity type 
impurity region and a channel forming region which is in contact with the one conductivity type 
impurity region are provided in a semiconductor film having a crystalline structure; and both the 
metal element and the noble gas element are contained in the one conductivity type impurity 
region. In addition, hydrogen may be contained in the one conductivity type impurity region. 

Alternatively, a semiconductor device is characterized in that: a second impurity region 
which is in contact with a first one conductivity type impurity region is provided: and the metal 
element and the noble gas element are both contained in the second impurity region. In 
addition, hydrogen may be included in the second impurity region. 

Alternatively, a semiconductor device is characterized in that: a first one conductivity 
type impurity region, a second impurity region which is in contact with the first impurity region, 
and a channel forming region which is in contact with the first impurity region are provided in a 





semiconductor film having a crystalline structure; and the metal element and the noble gas 
element are both contained in the second impurity region. In addition, hydrogen may be 
contained in the second impurity region. 

Alternatively, a semiconductor device is characterized in that: a first one conductivity 
5 type impurity region, a second impurity region which is in contact with the first impurity region; 
and a channel forming region which is in contact with the first impurity region are provided in a 
semiconductor film having a crystalline structure and the metal element, the element belonging 
to the group 15 of the periodic table, the element belonging to the group 13 thereof, and the 
noble gas element are contained in the second impurity region. In addition, hydrogen may be 
10 contained in the second impurity region. 

In the above structure of the present invention, the metal element is one kind or plural 
y, kinds of elements selected from the group consisting of iron (Fe). nickel (Ni), cobalt (Co), 

p ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), copper 

S (Cu), and gold (Au). 

O 

^ 15 In the above respective structures of the present invention, the intense light is one of 

J infrared light, visible light, or ultraviolet light. Also, the intense light indicates light which has 

s a wavelength of 10 i m or less and in which a main wavelength region is an infrared light region, 

y> 

Ui and may be light emitted from, for example, a halogen lamp, a metal halide lamp, a xenon arc 

a y 

M* lamp, a carbon arc lamp, or a mercury lamp. A heat treatment method by the intense light using 

M-i! 

p 20 the above as light sources is called rapid thermal anneal (hereinafter referred to as RTA) and 
^* known as a heat treatment technique for performing rapid heating for several microseconds of 

seconds to several tens. Further, the intense light may be light emitted from one of an excimer 
laser, a YAG laser, a YV0 4 laser, or a YLF laser. The intense light is irradiated, whereby the 
resistance value of the semiconductor film having the crystalline structure can be reduced. 
25 Also, the present invention provides a technique for forming the semiconductor film 

having the crystalline structure. That is, there is provided a method of manufacturing a 
semiconductor device, characterized by comprising the steps of: adding a metal element to a 
semiconductor film having an amorphous structure; irradiating the semiconductor film having 
the amorphous structure with first intense light to form a semiconductor film having a crystalline 
30 structure; irradiating the semiconductor film having the crystalline structure with laser light; 
irradiating the semiconductor film having the crystalline structure with second intense light; 
forming an impurity region to which a noble gas element is added in the semiconductor film 
having the crystalline structure; and performing gettering for segregating in the impurity region 
the metal element contained in the semiconductor film. 
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In the above structure, it is characterized in that the gettering step is heat treatment. 

Also, in the above structure, the gettering step may be processing for irradiating the 
semiconductor film having the crystalline structure with intense light. In this case, the 
semiconductor film having the crystalline structure can be obtained without using a furnace. 
5 Also, when heat treatment or intense light irradiation is performed plural times, flattening 

of a ridge formed in the semiconductor film can be made. 

Also, in the above structure, one kind or plural kinds of elements selected from the group 

consisting of an element belonging to the group 15 of the periodic table, an element belonging to 

the group 13 thereof, and hydrogen may be added in addition to the noble gas element. 

10 A semiconductor device manufactured through such steps above comprises: a 

semiconductor region made from a crystalline semiconductor film; a gate insulating film: and a 

gate electrode; a channel forming region and an impurity region which is in contact with the 

^ channel forming reeion and to which a one conductivity type impurity element is added, are 

Q 

ftj formed in the crystalline semiconductor film; and the one conductivity type impurity region 

P 

yr* 15 containing a noble gas element. 

CH Alternatively, a semiconductor film comprises: a semiconductor region made from a 

£ crystalline semiconductor film; a gate insulating film; and a gate electrode; the crystalline 

ffj semiconductor film having a channel forming region, a first impurity region which is in contact 

M» with the channel forming region and to which a one conductivity type impurity element is added, 

q 20 a second impurity region to which a one conductivity type impurity element and a noble gas 
element are added. 

Also, another structure comprises: a crystalline semiconductor film formed by adding a 
metal element to a semiconductor film having an amorphous structure; a semiconductor region 
made of the crystalline semiconductor film; a gate insulating film: a gate electrode; a channel 
25 forming region and an impurity region which is in contact with the channel forming region and 
to which a one conductivity type impurity element is added, formed in the crystalline 
semiconductor film, and the structure is the one in which the one conductivity type impurity 
region contains a noble gas element and the metal element at a higher concentration than the 
channel forming region. 

30 Alternatively, another structure includes: a semiconductor region having a crystalline 

semiconductor film produced by adding a metal element to a semiconductor film having an 
amorphous structure and made from the crystalline semiconductor film; a gate insulating film: 
and a gate electrode, the crystalline semiconductor film has a channel forming region, a first 
impurity region which is in contact with the channel forming region and to which a one 
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conductivity type impurity element is added, and a second impurity region to which the one 
conductivity type impurity element and a noble gas element are added, and the second impurity 
region contains the metal element at a higher concentration than the channel forming region. 

As described above, the present invention provides a technique for performing gettering 
of a metal element contained in a semiconductor film using a noble gas element. Hereinafter, 
the present invention will be described in more detail based on embodiment modes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Figs. 1A to 1C are explanatory views for a method of forming a crystalline 
semiconductor film according to the present invention; 

Figs. 2A to 2D are explanatory views for a method of forming a crystalline 
□ semiconductor film according to the present invention; 

S'| Figs. 3A and 3B are explanatory views for a method of manufacturing a semiconductor 

O 15 device by a gettering method using a noble gas element; 

Figs. 4A to 4C are explanatory views for a method of manufacturing the semiconductor 
device by the gettering method using the noble gas element; 
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H Fig- 5 is an explanatory view for a suitable concentration distribution for the noble gas 

m 

element implanted by an ion dope method; 



7* 2° Figs. 6A to 6D are explanatory views for a method of manufacturing a crystalline 

m semiconductor film according to the present invention; 

Figs. 7A to 7D are explanatory views for a method of manufacturing the crystalline 
semiconductor film according to the present invention; 

Figs. 8A to 8C are explanatory views for a method of manufacturing the semiconductor 
25 device by the gettering method using the noble gas element; 

Figs. 9A to 9C are explanatory views for a method of manufacturing the semiconductor 
device by the gettering method using the noble gas element; 

Fig. 10 is a graph indicating an etch pit density observed by FPM processing after the 
gettering; 

30 Fig. 11 is a simple view indicating the etch pit density observed by the FPM processing 

after the gettering; 

Fig. 12 is a graph indicating resistance values in the case where laser processing is 
performed after gettering; 

Figs. 13 A to 13C2 are cross sectional views and a top surface view for a step of 
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manufacturing a pixel portion; 

Figs. 14A to 14C2 are cross sectional views and a top surface view for the step of 

manufacturing the pixel portion; 

Figs. 15A to 15C2 are cross sectional views and a top surface view for the step of 

5 manufacturing the pixel portion; 

Figs. 16A to 16B2 are cross sectional views and a top surface view for the step oi 

manufacturing the pixel portion; 

Figs. 17A1 and 17A2 are a cross sectional view and a top surface view for the step ol 

manufacturing the pixel portion; 
10 Fig. 18 is a graph indicating an argon concentration profile in a depth direction before 

and after anneal; 

Fig. 19 is a graph indicating a nickel concentration profile in the depth direction before 

and after the anneal; 

Fig. 20 is a cross sectional view of the pixel portion; 

0 15 Fig. 21 shows a measurement result by a SIMS analysis, indicating an Ni concentration 

01 in a semiconductor region having a width of 50 i m before second heat treatment; 

J* Fig. 22 shows a measurement result by the SIMS analysis, indicating the Ni 

concentration in the semiconductor region having the width of 50 1 m after the second heat 

fU 

H- treatment; 

J 20 Figs. 23A through 23E are graphs indicating several characteristics of a TFT 

manufactured by gettering using argon; 

Figs. 24A to 24G show examples of a semiconductor device; and 
Figs. 25A to 25D show examples of the semiconductor device. 
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DETAILED DESCRIPTION OF THE PREFE RRED EMBODIMENTS 
As described above, the present invention provides the technique for gettering the metal 
element included in the semiconductor film using the noble gas element. Hereinafter, the 
present invention will be described in details through the embodiment modes. 



30 [Embodiment Mode 1] 

Figs. 1A to 1C are explanatory views of one embodiment mode of the present invention 
and show a method of adding a metal element having catalysis onto the entire surface of an 
amorphous semiconductor film to crystallize it and then performing gettering. In Fig. 1A, 
barium borosilicate glass, aluminoborosilicate glass, quartz, or the like can be used for a 
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substrate 101. An inorganic insulating film is formed as a blocking layer 102 with a thickness 
of 10 to 200 nm on the surface of the substrate 101. One example of a preferable blocking 
layer is a silicon oxynitride film produced by a plasma CVD method and a laminate of a first 
silicon oxynitride film produced from SiH 4 , NH 3 , and N 2 0 and a second silicon oxynitride film 
5 produced from SiH 4 and N 2 0 is applied. The first silicon oxynitride film and the second silicon 
oxynitride film are formed with a thickness of 50 nm and with a thickness of 100 nm, 
respectively. The blocking layer 102 is provided so as not to diffuse alkali metal included in 
the glass substrate into the semiconductor film formed in this upper layer. When quartz is used 
for the substrate, the blocking layer can be omitted. 
10 A semiconductor material including mainly silicon is used for a semiconductor film 103 

having an amorphous structure, which is formed on the blocking layer 102. Typically, an 
amorphous silicon film, an amorphous silicon germanium film, or the like is applied and formed 
tj with a thickness of 10 to 100 nm by a plasma CVD method, a low pressure CVD method, or a 

S sputtering method. To obtain crystal having a good quality, it is necessary to minimize 

| 15 concentrations of impurities such as oxygen, nitrogen, and carbon, which are included in the 
£ semiconductor film 103 having the amorphous structure. Thus, not only a high-purity material 

2 gas but also an ultra-high vacuum capable CVD apparatus are desirably used. 

m u Thereafter, a metal element having catalysis for promoting crystallization is added onto 

Hi the surface of the semiconductor film 103 having the amorphous structure. The metal element 

% 20 having catalysis for promoting crystallization of the semiconductor film is Fe, Ni, Co, Ru, Rh. 
8 Pd, Os, Ir, Pt, Cu, Au, or the like, and one kind or plural kinds of elements selected from these 

M elements can be used as the metal elements. Typically, nickel is used and a nickel acetate salt 

solution containing nickel at 1 to 10 ppm in weight conversion is applied by a spinner to form a 
catalytic contained layer 104. In this case, in order to improve conformability of the solution, 
25 surface processing of the semiconductor film 103 having the amorphous structure is performed. 
That is, an extremely thin oxide film is formed using an aqueous solution containing ozone and 
etched using a mixed solution of hydrofluoric acid and hydrogen peroxide solution to form a 
clean surface, and then processed again using an aqueous solution containing ozone to form an 
extremely thin oxide film. Since the surface of a semiconductor film such as silicon is 
fundamentally hydrophobic, when the oxide film is formed as described above, the nickel acetate 
salt solution can be uniformly applied. 

Of course, a method of manufacturing the catalytic contained layer 104 is not limited to 
such a method, and it may be formed by a sputtering method, an evaporation method, or a 
plasma CVD method. 
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Next, heat treatment is performed at 500°C for 1 hour to emit hydrogen included in the 
semiconductor film 103 having the amorphous structure. Then, heat treatment is performed for 
crystallization at 580°C for 4 hours. Thus, a crystalline semiconductor film 105 as shown in 
Fig. IB is formed. 

Further, in order to increase a crystallization ratio (ratio of a crystal component to the 
entire volume of a film) and to repair a defect left in crystal grains, it is also effective to irradiate 
the crystalline semiconductor film 105 with laser light. Excimer laser light having a 
wavelength of 400 nm or less or the second harmonic or the third harmonic of YAG laser light is 
used as the laser light. In any case, pulse laser light having a repetition frequency of about 10 
to 1000 Hz is used and condensed at 100 to 400 mJ/cm 2 by an optical system, and thus laser 
processing to the crystalline semiconductor film 105 may be performed at an overlap ratio of 90 
H, to 95%. 

Thus, the metal element (here, nickel) is left in the thus obtained crystalline 
semiconductor film 105. Although the distribution of the metal element is not uniform in the 
film, the metal element is left at an average concentration which exceeds 1 x H) ,9 /cm\ Ot 
course, even in such a state, various semiconductor elements including a TFT can be formed. 
However, more preferably, it is desirable that the metal element be removed by gettering. 

Fig. IB shows a step of adding a noble gas element or this element and a one 
conductivity type impurity element to the crystalline semiconductor film by an ion dope method 
in order to form gettering sites 108. A silicon oxide film 106 for masking is formed with a 
P thickness of 100 to 200 nm on a portion of the surface of the crystalline semiconductor film 105, 

and the noble gas element or this element and the one conductivity type impurity element are 
added to a region in which openings 107 are provided and the crystalline semiconductor film is 
exposed. The concentration of the element in the crystalline semiconductor film is set to be 1 x 

25 10 19 to 1 x 10 21 /cm 3 . 

One kind or plural kinds of elements selected from the group consisting of He, Ne, Ar, Kr, 
and Xe are used as the noble gas element. The present invention is characterized in that these 
inert gases are used as ion sources in order to form the gettering sites and implanted to the 
semiconductor film by an ion dope method or an ion implantation method. The implantation of 
ions of these inert gases has two meanings. One is to form dangling bonds by the implantation 
to cause distortion in the semiconductor film, and the other is to implant the ions between lattices 
of the semiconductor film to cause distortion therein. The implantation of ions by the inert 
gases can simultaneously satisfy both the meanings. In particular, when an element such as Ar. 
Kr, or Xe, which has a larger atomic radius than silicon is used, the latter is remarkably obtained. 
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When heat treatment is performed for gettering in a nitrogen atmosphere at 450 to 80()°C 
for 1 to 24 hours, for example, at 550°C for 14 hours, the metal element can be segregated in the 
gettering sites 108. 

Thereafter, when the gettering sites are removed by etching, a crystalline semiconductor 
5 film 109 in which the concentration of the metal element is reduced is obtained as shown in Fig. 
1C. The thus formed crystalline semiconductor film 109 is made from an aggregation of rod 
shaped or needle shaped crystals and the respective crystals grow with a specific orientation in a 
macroscopic view. 

10 [Embodiment Mode 2] 

A method of selectively forming a layer containing an element for promoting 
crystallization of a semiconductor film will be described with reference to Figs. 2A to 2D. In 
Fig. 2A, when a glass substrate is used as a substrate 101, a blocking layer 102 is provided. 
S Also a semiconductor film 103 having an amorphous structure is formed in the same manner as 

O 15 in Embodiment Mode 1. 

| Then, a silicon oxide film 110 having a thickness of 100 to 200 nm is formed on the 

\* semiconductor film 103 having the amorphous structure. A method of forming the silicon 

U oxide film is not limited. For example, tetraethyl ortho silicate (TEOS) and O; are mixed and 

2 discharge is produced at a reaction pressure of 40 Pa, a substrate temperature of 300 to 40()°C, 

3 20 and a high frequency (13.56 MHz) power density of 0.5 to 0.8 W/cm : , to form the silicon oxide 

0 

jy, film. 

Next, openings 111 are formed in the silicon oxide film 1 10 and a nickel acetate solution 
including nickel at 1 to 10 ppm in weight conversion is applied. Thus, a layer 1 12 containing a 
catalytic metal is formed and come into contact with the semiconductor film 103 only on the 
25 bottom portions of the openings 111. 

The crystallization shown in Fig. IB is performed by heat treatment at a heating 
temperature of 500 to 650° C for 4 to 24 hours, for example, at 57<)°C for 14 hours. In this case, 
silicides are formed in portions of the semiconductor film with which the metal element as a 
catalyst is in contact and the crystallization progresses from the silicides as nucleuses in a 
30 direction parallel to the surface of the substrate. The thus formed crystalline silicon film 1 14 is 
made from an aggregation of rod shaped or needle shaped crystals and the respective crystals 
grow with a specific orientation in a macroscopic view. 

Next, a noble gas element or this element and a one conductivity type impurity element 
are added by an ion dope method using the openings 111 to form gettering sites 1 15. When 
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heat treatment is performed for gettering in a nitrogen atmosphere at 450 to 800°C for 1 to 24 
hours, for example, at 550°C for 14 hours, the metal element can be segregated in the gettering 
sites 1 15. Thereafter, when the gettering sites are removed by etching, a crystalline 
semiconductor film 116 in which the concentration of the metal element is reduced is obtained as 
shown in Fig. 2D. 
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[Embodiment Mode 3] 

A channel forming region and impurity regions such as a source region and a drain region 
in a TFT can be formed using a semiconductor film formed using a metal element having 
catalysis. Here, a method of removing the metal element from a channel forming region using 
the impurity regions as gettering sites in TFT manufacturing steps will be explained. 

In Fig. 3A, a substrate 301, a blocking layer 302, and a semiconductor film 303 are 
K formed similarly to Embodiment Modes 1 or 2. An insulating film formed in the upper layer of 

3 the semiconductor film 303 is used as a gate insulating film of a TFT, and is made of sil icon 

S 15 oxide or silia.n oxy:iIai... with a thickness of 30 to 150 nm, typically, 80 nm. A gate electrode 

S 305 is preferably made of a metal material such as tungsten, tantalum, titanium, or molybdenum 

pi 

or an alloy thereof. 

In the case of an n-channel TFT, a donor, typically, phosphorus is added to an impurity 
K regions 306. Also, in the case of a p-channel TFT, boron is added as an acceptor to the 

% 20 impurity regions 306. In any case, the impurity regions 306 can be formed by an ion dope 
S method. In the case of adding phosphorus, PH 3 is used. In the case of adding boron, B : H fl is 

^ used. These are generally diluted with hydrogen and supplied. In order to use this impurity 

regions as effective gettering sites, a noble gas element is implanted simultaneously with, before, 
or after the addition of the donor or the acceptor by an ion dope method. 
25 Thereafter, as shown in Fig. 3B, a passivation film 308 is made from a silicon nitride film 

or a silicon oxynitride film and heat treatment is performed in a nitrogen atmosphere at 450 to 
800°C for 1 to 24 hours, for example, at 550°C for 14 hours. Thus, the impurity regions 306 
become the gettering sites, and the metal element can be segregated from the channel forming 
region into the gettering sites. Therefore, the donor or the acceptor and the metal element are 
30 both present in the impurity regions. 

Also, as shown in Fig. 4A, after the blocking layer 302, the semiconductor film 303, the 
insulating film 304, and the gate electrode 305 are formed on or over the substrate 301. a mask 
310 is formed. Then, one kind or plural kinds of elements belonging to group 18 of the 
periodic table are added to the end portions of the semiconductor film 303 using the mask 3 10 to 
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form gettering sites 311. 

Thereafter, a donor or an acceptor is added to form impurity regions 312. Similarly, the 
donor or the acceptor is added to the gettering sites 311 and thus these are separately indicated as 
gettering sites 313. Then, as shown in Fig. 4C, a passivation film 314 is made from a silicon 
nitride film or a silicon oxynitride film and heat treatment is performed in a nitrogen atmosphere 
at 450 to 800°C for 1 to 24 hours, for example, at 550°C for 14 hours. Thus, the metal element 
can be segregated from the channel forming region into the gettering sites 313. 

In a region of the semiconductor film to which the noble gas element is added, the 
crystalline structure is broken and the region becomes amorphous. An element belonging to the 
group 18 of the periodic table does not bond to silicon and is present between lattices. 
However, when the concentration of the element is high, the lattices are kept in a distorted state 
and thus it is difficult to recrystallize the region by later heat treatment. On the other hand, for 
the purpose of forming the gettering sites, an effect for segregating the metal element is further 
enhanced with increasing the distortion. The structures shown in Figs. 4A to 4C correspond to 
5 15 a method of simultaneously satisfying both the matters and indicate an example in which the 
m impurity regions for forming an element and the gettering sites are separately formed. 
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H" [Embodiment Mode 4] 

2 Fig. 5 is an explanatory view of an addition of a noble gas element introduced into a 

£ 20 semiconductor film in order to produce lattice distortion or lattice defect therein. The gettering 
§2 described in Figs. 3 A and 3B and Figs. 4A to 4C indicates an example in which gettering sites 

are formed in a portion of an element forming region of a semiconductor film. In this case, it is 
considered that the gettering sites can be desirably recrystallized by heat treatment. 

With respect to a semiconductor film including mainly silicon, a noble gas element 
25 having a high concentration often becomes a factor for hindering the recrystallization. To 
surely perform the recrystallization, it is necessary to focus attention on the concentration 
distribution of an element to be implanted, belonging to group 18 of the periodic table. In Fig. 
5, structures of a semiconductor film 401, an insulating film 404, and a gate electrode 405 are 
similar to those in Fig. 3A. The element belonging to the group 18 is implanted into the 
30 semiconductor film 401 through the insulating film 404. Although the concentration 
distribution of the implanted element is dependent on an accelerating voltage, the concentration 
distribution as indicated in a graph inserted into Fig. 5, along a thickness direction from the 
insulating film 404 to the semiconductor film 401 is obtained. 

In the semiconductor film 401, the concentration of the noble gas element becomes high 
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in the insulating film 404 side and low in the opposite side. Whether or not it becomes 
amorphous is dependent on the concentration of the element to be implanted, belonging to group 
18. When the concentration is low, a crystalline portion can be left. Although the boundary 
cannot be clearly identified, as shown in Fig. 5, a region 402 to which an element belonging to 
5 the group 18 is added and which became amorphous can be distinguished from a region 403 to 
which an element belonging to the group 18 is added but in which a crystalline portion is left. 

If the region 403 in which the crystalline portion is left is present, it is easily 
recrystallized by heat treatment with gettering. That is, the region 403 in which the crystalline 
portion is left becomes a nucleus for crystal growth and thus the crystallization of the region 402 
10 which became amorphous can be promoted. Such gettering sites can be easily realized by 
controlling an accelerating voltage in an ion dope method. Even if the gettering sites are doped 
with a donor or an acceptor, it can be similarly realized. 
5 Of course, the structure indicated by this embodiment mode can be applied to the cases of 

m forming the gettering sites in Embodiment Modes 1 to 3. 

0 15 

01 [Embodiment Mode 5] 

N' pigs 6A tQ 6D are explanatory views of another embodiment mode of the present 

invention and show a method of adding a metal element having catalysis onto the entire surface 
of an amorphous semiconductor film to crystallize it and then performing gettering. 
^ 20 In Fig. 6A, barium borosilicate glass, aluminoborosilicate glass, quartz, or the tike can be 

H used for a substrate 101. An inorganic insulating film is formed as a blocking layer 102 with a 

thickness of 10 to 200 nm on the surface of the substrate 101. One example of a preferable 
blocking layer is a silicon oxynitride film produced by a plasma CVD method and a laminate of 
a first silicon oxynitride film produced from Sin,, NH 3 , and N 2 0 and a second silicon oxynitride 
25 film produced from SiH 4 and N 2 0 is applied. The first silicon oxynitride film and the second 
silicon oxynitride film are formed with a thickness of 50 nm and with a thickness of 100 nm, 
respectively. The blocking layer 102 is provided so as not to diffuse alkali metal included in 
the glass substrate into the semiconductor film formed in the upper layer. When quartz is used 
for the substrate, the blocking layer can be omitted. 
30 A semiconductor material including mainly silicon is used for a semiconductor film 103 

having an amorphous structure, which is formed on the blocking layer 102. Typically, an 
amorphous silicon film, an amorphous silicon germanium film, or the like is applied and formed 
with a thickness of 10 to 100 nm by a plasma CVD method, a low pressure CVD method, or a 
sputtering method. To obtain good quality crystal, it is necessary to minimize concentrations of 
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impurities such as oxygen, nitrogen, and carbon, which are included in the semiconductor film 
103 having the amorphous structure. Thus, not only a high purity material gas but also an ultra- 
high vacuum capable CVD apparatus are desirably used. 

Thereafter, a metal element having catalysis for promoting crystallization is added onto 
5 the surface of the semiconductor film 103 having the amorphous structure. The metal element 
having catalysis for promoting crystallization of the semiconductor film is iron (Fe), nickel (Ni), 
Cobalt (Co), ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (lr), platinum 
(Pt), copper (Cu), gold (Au), or the like and one kind or plural kinds of elements selected from 
these elements can be used as the metal elements. Typically, nickel is used and a nickel acetate 
10 solution including nickel at 1 to 10 ppm in weight conversion is applied by a spinner to form a 
catalytic contained layer 104. In this case, in order to improve conformability of the solution, 
surface processing of the semiconductor film 103 having the amorphous structure is performed. 
£ That is, an extreme thin oxide film is formed using an aqueous solution containing ozone and 

O etched using a mixed solution of hydrofluoric acid and hydrogen peroxide solution to form a 

Hi 

Q 15 clean surface, and then processed again using an aqueous solution containing ozone to form an 
extreme thin oxide film. Since the surface of a film of a semiconductor such as silicon is 
fundamentally hydrophobic, when the oxide film is formed as described above, the nickel acetate 
solution can be uniformly applied. 

Of course, a method of forming the catalytic contained layer 104 is not limited to such a 
method, and it may be formed by a sputtering method, an evaporation method, or plasma 
processing. 

Next, first intense light irradiation is performed for crystallization. Thus, a crystalline 
semiconductor film 105 shown in Fig. 6B is formed. Any one of infrared light, visible light, 
and ultraviolet light or a combination thereof can be used as the first intense light. Light 
emitted from, typically, a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc 
lamp, a high pressure sodium lamp, or a high pressure mercury lamp is used (Fig. 6B). Note 
that, if necessary, heat treatment such that hydrogen contained in the semiconductor film 103 
having the amorphous structure is emitted may be performed before the first intense light 
irradiation. 

30 Then, in order to increase a crystallization ratio (ratio of crystal component to the entire 

volume of a film) and to repair a defect left in crystal grains, it is also effective to irradiate the 
crystalline semiconductor film 105 with laser light. Excimer laser light having a wavelength of 
400 nm or less or the second harmonic or the third harmonic of YAG laser light is used as the 
laser light. In any case, pulse laser light having a repetition frequency of about 10 to 1000 Hz is 
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used and condensed at 100 to 400 mJ/cm 2 by an optical system, and thus laser processing to the 
crystalline semiconductor film 105 may be performed at an overlap ratio of 90 to 95%. 

The metal element (here, nickel) is left in the crystalline semiconductor film 105 thus 
obtained. Although the distribution of the metal element is not uniform in the film, the metal 
element is left at an average concentration which exceeds 1 x l()'W. Of course, even in such 
a state, various semiconductor elements including a TFT can be formed. However, more 
preferably, the metal element is removed by gettering. 

Further, second intense light irradiation is performed for the crystalline semiconductor 
film 105 to disperse the metal element (here, nickel) into the film. Any one of infrared light, 
visible light, and ultraviolet light or a combination thereof can be used as the second intense light. 
Light emitted from, typically, a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon 
y, arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp is used. 

3 Fig. 7A shows a step of adding a noble gas element or this element and a one 

fU conductivity type impurity element to a portion of the crystalline semiconductor film 105 by an 

% 15 ion dope method in order to form impurity regions (hereinafter referred to as gettering sites) 108. 
p In the case of the ion dope method, an Ar gas, a mixed gas of phosphine (PH;,) diluted with 

hydrogen and an Ar gas, a mixed gas of diborane (B 2 H h ) diluted with hydrogen and an Ar gas, 
phosphine (PH 3 ) diluted with argon, or diborane (B 2 H 6 ) diluted with argon can be used as a raw 
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H gas. 

j£j 20 A silicon oxynitride film 106 for masking is formed with a thickness of 100 to 200 nm on 

H- the surface of the crystalline semiconductor film 105 by using a mask 107 made of a resist and a 

noble gas element or this element and a one conductivity type impurity element are added to a 
region in which openings are provided and the crystalline semiconductor film is exposed. The 
concentration of the element in the crystalline semiconductor film is set to be 1 x 10 lo 1x10" 
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25 /cm 3 . 



One kind or plural kinds of elements selected from the group consisting of helium (He), 
neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe) are used as the noble gas element. The 
present invention is characterized in that these inert gases are used as ion sources in order to 
form the gettering sites and implanted to the semiconductor film by an ion dope method or an ion 
implantation method. The implantation of ions by these inert gases has two meanings. One is 
to form dangling bonds by the implantation to cause distortion in the semiconductor film and the 
other is to implant the ions between lattices of the semiconductor film to cause distortion therein. 
The implantation of ions by the inert gases can simultaneously satisfy both meanings. In 
particular, when an element such as argon (Ax), krypton (Kr), or xenon (Xe). which has a larger 



18 



atomic radius than silicon, is used, the latter is satisfied remarkably. Also, when the noble gas 
element is implanted, not only lattice distortion but also dangling bonds are produced and thus 
such implantation provides the gettering action. Further, when phosphorus as the one 
conductivity type impurity element is implanted to the semiconductor film in addition to the 
noble gas element, gettering can be produced using Coulomb force of phosphorus. Furthermore, 
when hydrogen is implanted to the semiconductor film in addition to the noble gas element, 
gettering can be produced using the produced dangling bonds. 

Next, after the mask 107 made of a resist is removed, a gettering step for segregating the 
metal element included in the semiconductor film into the gettering sites is performed (Fig. 7B). 

As the gettering step, heat treatment is preferably performed in a nitrogen atmosphere at 
450 to 800°C for 1 to 24 hours, for example, at 550°C for 14 hours. Intense light irradiation 
may be performed instead of the heat treatment. Also, the intense light irradiation may be 
performed in addition to the heat treatment. Note that, when an RTA method with light emitted 
from a halogen lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure 
sodium lamp, or a high pressure mercury lamp, as a heating means for gettering, is used, the 
intense light irradiation is desirably performed such that a heating temperature of the 
semiconductor film becomes 40()°C to 550°C. If the heating temperature is too high, the 
distortion in the semiconductor film is disappeared and an action for releasing nickel from nickel 
silicide and an action for capturing nickel are lost, and thus gettering efficiency is reduced. 

Then, the silicon oxynitride film 106 for masking is used for patterning of the crystalline 
semiconductor film without changing it. The gettering sites are removed by patterning to form 
the crystalline semiconductor film in a predetermined shape and then the silicon oxynitride film 
106 for masking is removed. Also, after the mask 106 is removed, heat treatment at 55()°C to 
650°C or intense light irradiation may be performed to mainly planarize the surface of the 
semiconductor film. 

Thus, as shown in Fig. 7C, the crystalline semiconductor film 109 in which the 
concentration of the metal element is reduced is obtained. The crystalline semiconductor film 
109 formed by the above present invention is' made from an aggregation of rod shaped or needle 
shaped crystals and the respective crystals grow with a specific orientation in a macroscopic 
view. The crystalline semiconductor film 109 is used as the active layer of a TFT and thus a 
TFT as shown in Fig. 7D can be completed. 

When a minute semiconductor film is formed, only the noble gas element is desirably 
added to perform gettering in this embodiment mode. In the case where only the noble gas 
element is added to perform gettering, even if a minute semiconductor film is formed. TFT 
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characteristic is not influenced, as compared with the case where gettering is produced using 
phosphorus. Thus, such a case is effective. 

[Embodiment Mode 6] 

5 A method of selectively segrigating an element for promoting crystallization of a 

semiconductor film will be described. When a glass substrate is used as a substrate, a blocking 
layer is provided. A semiconductor film having an amorphous structure is also formed 
similarly to Embodiment mode 1. 

Then, a silicon oxide film having a thickness of 100 to 200 nm is formed on the 
10 semiconductor film having the amorphous structure. A method of forming the silicon oxide 
film is not limited. For example, TEOS and 0 2 are mixed and discharge is produced at a 
reaction pressure of 40 Pa, a substrate temperature of 300 to 400°C, and a high frequency (13.56 
t l MHz) power density of 0.5 to 0.8 W/cm 2 , to form the silicon oxide film. 

" Next, openings are formed in the silicon oxide film and a nickel acetate solution 

li 15 including nickel at 1 to 10 ppm in weight conversion is applied. Thus, a layer containing a 
2 catalytic metal is formed and come into contact with the semiconductor film only in the bottom 

portions of the openings. 

Then, crystallization is performed by heat treatment at a heating temperature of 500 to 
650°C for 4 to 24 hours, for example, at 570°C for 14 hours, in this case, silicides are formed 
in portions of the semiconductor film with which the metal element as a catalyst is in contact and 
the crystallization progresses from the silicides as nucleuses in a direction parallel to the surface 
of the substrate. The thus formed crystalline silicon film is made from an aggregation of rod 
shaped or needle shaped crystals and the respective crystals grow with a specific orientation in a 
macroscopic view. 

25 Next, a noble gas element or this element and a one conductivity type impurity element 

are added by an ion dope method using the openings to form gettering sites. When heat 
treatment is performed for gettering in a nitrogen atmosphere at 450 to S00°C for 1 to 24 hours, 
for example, at 550°C for 14 hours, the metal element can be segregated in the gettering sites 
115. Intense light irradiation may be performed instead of the heat treatment. Also, the 
30 intense light irradiation may be performed in addition to the heat treatment. Note that, when a 
RTA method with light emitted from a halogen lamp, a metal halide lamp, a xenon arc lamp, a 
carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp, as a heating 
means for gettering, is used, the intense light irradiation is desirably performed such that a 
heating temperature of the semiconductor film becomes 4()0°C to 550°C. If the heating 
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temperature is too high, the distortion in the semiconductor film is disappeared and an action for 
releasing nickel from nickel silicide and an action for capturing nickel are lost, and thus gettering 
efficiency is reduced. 

Thereafter, when the gettering sites are removed by etching, a crystalline semiconductor 
5 film in which the concentration of the metal element is reduced is obtained. 
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[Embodiment Mode 7] 

A channel forming region and impurity regions such as a source region and a drain region 
in a TFT can be formed using a semiconductor film formed using a metal element having 
catalysis. Here, a method of removing the metal element from a channel forming region 207 
using the impurity regions as gettering sites in TFT manufacturing steps will be described. 
_ In Fig. 8A, a substrate 201, a blocking layer 202, and a semiconductor film 203 are 

5 formed similarly to any one of Embodiment Modes 1 and 2. An insulating film formed in the 

fS upper layer of the semiconductor film 203 is used as a gate insulating film of a TFT and is made 

5 15 of silicon oxide or silicon oxvnitride with a thickness of 30 to 150 nm, typically, 80 nm. A gate 
01 electrode 205 is preferably made of a metal material such as tungsten, tantalum, titanium, or 

molybdenum or an alloy thereof. 

In the case of an n-channel TFT, a donor, typically, phosphorus is added to impurity 
regions 206. Also, in the case of a p-channel TFT, an acceptor, boron is added to the impurity 
§ 20 regions 206. In any case, the impurity regions 206 can be formed by an ion dope method. In 
S the case of adding phosphorus, PH : , is used. In the case of adding boron, B 2 H ( , is used. These 
are generally diluted with hydrogen and supplied. In order to use the impurity regions as 
effective' gettering sites, a noble gas element is implanted simultaneously with, before, or after 
the addition of the donor or the acceptor by an ion dope method. The impurity regions 206 
25 respectively become the source region and the drain region later. 

In a region of the semiconductor film to which the noble gas element is added, ihe 
crystalline structure is broken and the region becomes amorphous, the noble gas element does 
not bond to silicon and is present between lattices. However, when the concentration of the 
element is high, the lattices are kept in a distorted state and thus it is difficult to recrystallize the 
30 region by later heat treatment. On the other hand, for the purpose of forming the gettering sites, 
an effect for segregating the metal element is further enhanced with increasing the distortion. 

Thereafter, as shown in Fig. 8B, a passivation film 208 is made from a silicon nitride film 
or a silicon oxynitride film and heat treatment is performed in a nitrogen utmosphere ai 450 to 
800°C for 1 to 24 hours, for example, at 550°C for 14 hours. Thus, the impurity regions 206 
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become the gettering sites and the metal element can be segregated from the channel forming 
region 207 into the impurity regions. Therefore, the donor or the acceptor and the metal 
element coexist in the impurity regions. Note that, when the silicon oxynitride film is used as 
the passivation film, hydrogen included in the passivation film is diffused simultaneously with 
gettering and thus the semiconductor film can be hydrogenated. This step is a step of 
terminating dangling bonds in the semiconductor film by hydrogen included in the passivation 
film. 

The example in which gettering and hydrogenation are simultaneously performed is 
described here. However, heat treatment for gettering and heat treatment for hydrogenation 
(heat treatment at, for example, 410°C) may be performed in succession. Plasma 
hydrogenation (hydrogen excited by plasma is used) may be performed as another means for 
hydrogenation. 

Then, intense light is irradiated to activate an impurity element for providing a one 
conductivity type, which is added to the impurity regions, and thus the resistance of the impurity 
p 15 regions is reduced. Since the passivation film is the silicon nitride film or the silicon oxynitride 
<S f i lrr)) any 0 ne of YAG laser light (second harmonic or third harmonic) and intense light (light 

from lamp heating means) or a combination thereof is desirably used as the intense light. When 
the silicon oxide is used for the passivation film, any one of excimer laser light having a 
wavelength of 400 nm or less, YAG laser light (second harmonic or third harmonic), and intense 
J 20 light (light from a lamp heating means) and or a combination thereof can be used as the intense 
P light. Note that activation may be made by heat treatment. However, since recrystal I ization 

by only heat treatment is difficult as described above, intense light irradiation or both heat 
treatment and intense light irradiation are desirably performed. 

Then, an interlayer insulating film is formed, respective contact holes which reach the 
source region or the drain region are formed, and a conductive film is laminated. Thereafter, 
patterning is performed to form the source electrode and the drain electrode, and thus an n- 
channel TFT or a p-channel TFT is completed. A CMOS circuit can be formed by combining 
an n-channel TFT and a p-channel TFT. 
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30 [Embodiment Mode 8] 

Here, an example in which the manufacturing step order after the step of forming the 
passivation film is different from Embodiment Mode 3 will be indicated. 

First, the same state as in Fig. 8B, which is described in Embodiment Mode 3 is obtained. 
Gettering is performed after the formation of a passivation film. When heat treatment is 
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performed in a nitrogen atmosphere at 450 to 800°C for 1 to 24 hours, for example, at 55()°C for 
14 hours, the impurity regions become the gettering sites and the metal element can be 
segregated from the channel forming region into the impurity regions. In the heat treatment for 
gettering, activation of an impurity element for providing a one conductivity type may be 
performed. Also, intense light irradiation may be performed instead of the heat treatment for 
gettering to simultaneously perform gettering and activation of an impurity element. Note that, 
when a RTA method with light emitted from a halogen lamp, a metal halide lamp, a xenon arc 
lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp, as a 
heating means for gettering, is used, the intense light irradiation is desirably performed such that 
a heating temperature of the semiconductor film becomes 400°C to 550°C. If the heating 
temperature is too high, the distortion in the semiconductor film is disappeared and an action for 
releasing nickel from nickel silicide and an action for capturing nickel are lost, and thus gettering 
efficiency is reduced. 

Then, heat treatment is performed for hydrogenation in a nitrogen atmosphere at 300 to 
550°C for 1 to 12 hours, for example, at 410°C for 1 hour. This step is a step of terminating 
dangling bonds in the semiconductor film by hydrogen included in the passivation film. 

Then, an interlayer insulating film is formed, respective contact holes which reach the 
source region or the drain region are formed, and a conductive film is laminated. Thereafter, 
patterning is performed to form the source electrode and the drain electrode, and thus an n- 
channel TFT or a p-channel TFT is completed. A CMOS circuit can be formed by combining 
an n-channel TFT and a p-channel TFT. 



[Embodiment Mode 9] 

Here, an example in which the manufacturing step order after the addition of a noble gas 
element and an impurity element for providing a one conductivity type is different from 
Embodiment Mode 3 will be shown in Figs. 9A to 9C. 

First, the same state as in Fig. 8A, which is described in Embodiment Mode 3 is obtained 
(Fig. 9A). As shown in Fig. 9A, a blocking layer 302, a semiconductor film 303, an insulating 
film 304, and a gate electrode 305 are formed on or over a substrate 301 . Then, any one kind or 
plural kinds of noble gas elements are added to the end portions of the semiconductor film 303 
using the gate electrode 305 as a mask to form gettering sites. Thereafter, a donor or an 
acceptor is added to the gettering sites to form impurity regions 306. The impurity regions 306 
respectively become the source region and the drain region later. 

Next, as shown in Fig. 9B, when heat treatment is performed in a nitrogen atmosphere at 
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450 to 800°C for 1 to 24 hours, for example, at 550°C for 14 hours, the impurity regions 30ft 
become the gettering sites, and the metal element can be segregated from the channel forming 
region 307 into the gettering sites. In the heat treatment for the gettering, activation of an 
impurity element may be performed. Also, intense light irradiation may be performed instead 
of the heat treatment for the gettering to simultaneously produce gettering and activation. Note 
that, when an RTA method using light emitted from a halogen lamp, a metal halide lamp, a 
xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury 
lamp, as a heating means for gettering, is used, the intense light irradiation is desirably 
performed such that a heating temperature of the semiconductor film becomes 400°C to 55()°C. 
If the heating temperature is too high, the distortion in the semiconductor film is disappeared, 
and an action for releasing nickel from nickel silicide and an action for capturing nickel are lost, 
and thus gettering efficiency is reduced. 

Then, as shown in Fig. 9C, a passivation film 308 is made from a silicon nitride film or a 
m silicon oxynitride film and heat treatment is performed for hydrogenation in a nitrogen 

Q 15 atmosphere at 300 to 550°C for 1 to 12 hours, for example, at 410°C for 1 hour, 
jjj Then, an interlayer insulating film is formed, contact holes which reach the source region 

N ' or the drain region are formed, and a conductive film is laminated. Thereafter, patterning is 

H performed to form the source electrode and the drain electrode, and thus an n-channel TFT or a 

p-channel TFT is completed. A CMOS circuit can be formed by combining an n-channel TFT 
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[Embodiment Mode 10] 

Here, an example in which the surface of a semiconductor film having a crystalline 
structure, which is obtained by crystallizing an amorphous semiconductor film by heat treatment 
or intense light irradiation, is etched in any one of Embodiment Modes 1 to 5 will be indicated. 

For example, nickel silicide is removed by wet etching using hydrofluoric acid system 
etchant and then laser light irradiation is performed for anneal to the semiconductor film. Later 
steps are performed according to Embodiment Modes 1 to 5 and a noble gas element is 
preferably added to the semiconductor film having the crystalline structure to perform gettering. 

A mixed solution of hydrofluoric acid and hydrogen peroxide solution, FPM (mixed 
solution of hydrofluoric acid, hydrogen peroxide solution, and pure water), or the like is used as 
the above hydrofluoric acid system etchant. 



[Embodiment 1] 



24 



In order to check the validity of the present invention, the following experiment is 
performed using argon as a noble gas element. 

A crystalline semiconductor film crystallized by dehydrogenation processing at 5()()°C 
for 1 hour and heat treatment at 55()°C for 4 hours after a solution including nickel acetate at 10 
ppm is applied to an amorphous silicon film with a thickness of 50 nm, is used as a 
semiconductor film. The crystalline semiconductor film is patterned and then a silicon oxide 
film with a thickness of 90 nm is formed. A sample produced by implanting phosphorus into 
gettering sites by an ion dope method, a sample produced by implanting argon thereinto after the 
implantation of phosphorus, and a sample produced by implanting only argon thereinto are 
prepared and evaluated by comparison. At this time, with respect to an implantation condition 
of phosphorus, PH ? at 5% diluted with hydrogen is used, an accelerating voltage is set to be 80 
keV, and a dose is set to be 1.5 x 10 15 /cm 2 . A time required for implantation is about 8 minutes. 
Thus, phosphorus having an average concentration of 2 x KPVcm' can be implanted into the 
crystalline semiconductor film. On the other hand, argon is implanted at an accelerating 
voltage of 90 keV and a dose of 2 x 10 15 or 4 x 10 15 /cm 2 . Argon having a purity of 99.9999% 
or larger is used. It is sufficient that a time required for implantation is 1 to 2 minutes. These 
conditions are listed in Table 1. 



Table 1 



Gettering is performed by heat treatment in a nitrogen atmosphere at 550°C for 4 hours. 
After the gettering, the silicon oxide film is removed and then processed with FPM. A gettering 
effect is checked based on the number of etch pits in a gettering region to be gettered of the 
crystalline semiconductor film. That is, most of the added nickel is left as nickel silicide in the 
crystalline semiconductor film, and it is known that the nickel silicide is etched with FPM 
(mixed solution of hydrofluoric acid, hydrogen peroxide solution, and pure water). Therefore, 
the gettering region to be gettered is processed with the FPM and it is examined whether an etch 
pit is present or not, and thus the gettering effect can be checked. In this case, the smaller the 
number of etch pits is, the higher the gettering effect is. Fig. 1 1 is a simple view of a sample in 
which an etch pit is produced. Note that, in Fig. 11, a dope region indicates a region to which 
argon or phosphorus is added. The number of etch pits present in the gettered region (gettering 
region to be gettered) is counted while observing it using an optical microscope to obtain an etch 
pit density. 

Fig. 10 shows its result. In Fig. 10, a sample indicated by P is a sample to which only 
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phosphorus is added. With respect to a phosphorus implantation condition of this sample, PFh 
at 5% diluted with hydrogen is used, an accelerating voltage is set to be 80 keV, and a dose is set 
to be 1.5 x 10 l5 /cm 2 . Also, in Fig. 10, a sample indicated by P + Ar ( 1 min) is a sample to 
which phosphorus and argon are added. With respect to a phosphorus implantation condition of 
5 this sample, Phh at 5% diluted with hydrogen is used, an accelerating voltage is set to be 80 keV, 
and a dose is set to be 1.5 x 10 15 /cm 2 . With respect to an argon implantation condition, an 
accelerating voltage is set to be 90 keV, a dose is set to be 2 x 10 15 /cm 2 , and a time required for 
argon implantation is set to be 1 minute. Further, in Fig. 10, a sample indicated by P + Ar (2 
min) is a sample to which phosphorus and argon are added. With respect to a phosphorus 
10 implantation condition of this sample, PH-, at 5% diluted with hydrogen is used, an accelerating 
voltage is set to be 80 keV, and a dose is set to be 1.5 x 10 l5 /cm : . With respect to an argon 
implantation condition, an accelerating voltage is set to be 90 keV, a dose is set to be 4 x 
10 15 /cm 2 , and a time required for argon implantation is set to be 2 minutes. Furthermore, in Fig. 
10, a sample indicated by Ar is a sample to which only argon is added. With respect to an 
Pj 15 argon implantation condition of this sample, an accelerating voltage is set to be 90 keV and a 
tf» dose is set to be 2 x 10 15 /cm 2 . 

i_. From the result of the experiment shown in Fig. 10, it is apparent that, although the 

^ sample to which only phosphorus is added has an etch pit density of 3.5 x 10'Ti m\ the sample 

fU in which argon is added to and gettering is performed has the number of etch pits (etch pit 

density) of 5 x 10" 4 /i m 2 or smaller, and thus the number of etch pits is decreased to an extreme. 
This result indicates that the gettering effect is improved to an extreme by argon implantation. 
Therefore, it is indicated that gettering using non metal elements (one kind or plural kinds ot 
elements selected from the group consisting of B, Si, P, As, He, Ne. Ar, Kr. and Xe) according to 
the present invention is extremely effective. 
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[Embodiment 2] 

In this embodiment, an example in which argon is added to, gettering is performed and 
then laser light irradiation is performed will be indicated. 

First, a sample is produced as in Embodiment 1. A crystalline semiconductor film 
crystallized by dehydrogenation processing at 500°C for 1 hour and heat treatment at 550°C for 
4 hours after a solution including nickel acetate at 10 ppm is applied to an amorphous silicon 
film with a thickness of 50 nm. is used as a semiconductor film. The crystalline semiconductor 
film is patterned and then a silicon oxide film with a thickness of 90 nm is formed. Next, by 
passing the silicon oxide film with a thickness of 90 nm, argon is implanted to the crystalline 
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semiconductor film after phosphorus is implanted. At this time, with respect to an implantation 
condition of phosphorus, PH 3 at 5% diluted with hydrogen is used, an accelerating voltage is set 
to be 80 keV, and a dose is set to be 1.5 x 10 l5 /cm 2 . A time required for implantation is about 8 
minutes. Thus, phosphorus having an average concentration of 2 x Hp'/cnr can be implanted 
into the crystalline semiconductor film. On the other hand, argon is implanted at an 
accelerating voltage of 90 keV and a dose of 2 x 10 15 or 4 x 10 ,5 /cm 2 . Then, heat treatment is 
performed for gettering in a nitrogen atmosphere at 550° C for 4 hours. 

Then, a laser energy condition is changed, and excimer laser light is irradiated. The 
result of the experiment after the subsequent sheet resistance measurement is shown in Fig. 12. 
As shown in Fig. 12, a sheet resistance value can be reduced to such a level that no problem is 
caused in a device characteristic by the laser light irradiation. 

Note that, in this embodiment, laser light from a pulse oscillation type excimer laser is 
used. However, the present invention is not particularly limited to such a laser, and a 
continuous light emission type excimer laser, a YAG laser, or a YV0 4 laser may be used. A 
rapid thermal anneal method (RTA method) may be applied instead of a laser anneal method. 

Note that this embodiment can be combined with any one of Embodiment Modes 1 to 10. 

[Embodiment 3] 

In this embodiment, an example in which the present invention is applied to a double gate 
TFT and an active matrix substrate using the double gate TFT as a TFT of a pixel portion is 
manufactured is shown in Figs. 13A to 13C2. 

First, a conductive film is formed on a substrate 401 having an insulating surface and 
patterned to form a scan line 402. The scan line 402 also severs as a light shielding layer for 
protecting an active layer formed later from light. Here, a quartz substrate is used as the 
substrate 401. Also, a laminate structure of a polysilicon film (50 nm in a film thickness) and a 
tungsten silicide (W-Si) film (100 nm in a film thickness) is used as the scan line 402. The 
polysilicon film is to prevent a contamination from the tungsten silicide to the substrate. 

Then, insulating films 403a and 403b covering the scan line 402 are formed with a film 
thickness of 100 to 1000 nm (typically 300 to 500 nm). Here, a silicon oxide film having a film 
thickness of 100 nm and a silicon oxide film having a film thickness of 280 nm using a CVD 
method and an LPCVD method, respectively, are laminated. 

Then, an amorphous semiconductor film is formed with a film thickness of 10 to 100 nm. 
Here, the amorphous silicon film is formed with a film thickness of 69 nm by an LPCVD method. 
Then, the amorphous silicon film is crystallized using the technique for crystallizing this 
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amorphous semiconductor film described in Japanese Patent Application Laid-open No. Hei 8- 
78329. According to the described technique, a metal element for promoting crystallization is 
selectively added to an amorphous silicon film, and heat treatment is performed to form such a 
crystalline silicon film in which the crystallization is expanded from an added region as a starting 
5 point. Here, nickel is used as the element for promoting crystallization. Also, after heat 
treatment for dehydrogenation (at 450°C, for 1 hour), heat treatment for crystallization (at 6()0°C, 

for 12 hours) is performed. 

Then, a gettering site 404b for gettering Ni from a region as the active layer of a TFT is 
formed. The region as the active layer of the TFT is covered with a mask (silicon oxynitride 
10 film) 400 and a noble gas element, here, argon (Ar) is added to a portion of the crystalline silicon 
film (Fig. 13A). Note that the mask 400 is also used in the case of patterning the crystalline 
silicon film later. Further, when only the noble gas element is added as this embodiment, since 
H the influence on an electrical characteristic and the like of a TFT is small as compared with the 

| case of adding phosphorus, the region as the active layer of the TFT can be formed into a minute 

SJ 15 size. Thus, a finer design of a TFT is possible. 

Further, the noble gas element may be added in a state in which the resist mask used at 
the formation of the mask 400 is left. 

Further, one kind or plural kinds of elements selected from the group consisting of an 
element belonging to the group 15 of the periodic table, an element belonging to the group 13 
£ 20 thereof, silicon, and hydrogen may be added to the portion of the crystalline silicon film in 
O addition to the noble gas element. 

hi " Then, heat treatment for gettering Ni from the region as the active layer of the TFT (in a 

nitrogen atmosphere at 550°C, for 4 hours) is performed (Fig. 13B). By this heat treatment, the 
metal (Ni) included in the crystalline silicon film is moved from the region as the active layer of 
25 the TFT in the direction of an arrow in Fig. 13B and captured in the gettering site (region to 
which the noble gas element is added). Thus, the metal (Ni) is removed from the crystalline 
silicon film except for the gettering site, or reduced. 

Then, after the mask is removed and patterning is performed to remove an unnecessary 
portion of the crystalline silicon film, thereby forming a semiconductor film 404 (Fig. 13C1). 
30 Note that a top surface view of a pixel after the formation of the semiconductor film 404 is 
shown in Fig. 13C2. In Fig. 13C2, a cross sectional view obtained by cutting along a dotted 
line A-A' corresponds to Fig. 13C1. 

Then, in order to form a retaining capacitor, a mask 405 is formed and a portion of the 
semiconductor film (a region for the retaining capacitor) 406 is doped with phosphorus (Fig. 
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14A). 

Then, after the mask 405 is removed and an insulating film covering the semiconductor 
film is formed, a mask 407 is formed and an insulating film on the region 406 for the retaining 
capacitor is removed (Fig. 14B). 
5 Then, the mask 407 is removed and thermal oxidation is performed to form an insulating 

film (gate insulating film) 408a. A final film thickness of the gate insulating film becomes 80 
nm by this thermal oxidation. Note that an insulating film 408b thinner than in other region of 
the insulating film is formed on the region for the retaining capacitor (Fig. 14C1). A top 
surface view of a pixel at this time is shown in Fig. 14C2. In Fig. 14C2, a cross sectional view 
10 obtained by cutting along a dotted line B-B' corresponds to Fig. 14C1. Also, a region indicated 
by chain lines in Figs. 14C2 is a portion in which the thin insulating film 4()8b is formed. 

Then, a channel dope step of entirely or selectively adding a p-type or an n-type impurity 
element at a low concentration to a region as the channel region of the TFT is performed. This 
pj channel dope step is a step for controlling a TFT threshold value voltage. Note that boron is 

5 15 added by an ion dope method using plasma excitation without mass separation of diborane 
5 (B 2 H 6 ). Of course, an ion implantation method performing mass separation may also be used. 

^ Then, a mask 409 is formed on or over the insulating films 408a, 403a, and 403b and a 

f* contact hole which reaches the scan line 402 is formed (Fig. 15 A). After the formation of the 

|U contact hole, the mask is removed. 

fi 20 Then, a conductive film is formed and patterned to form a gate electrode 410 and a 

£ capacitor wiring 411 (Fig. 15B). Here, a laminate structure of a silicon film (150 nm in a film 

thickness) doped with phosphorus and tungsten silicide (150 nm in a film thickness) is used. 
Note that, a retaining capacitor is composed of the insulating film 408b as dielectric, the 
capacitor wiring 411, and a portion of the semiconductor film 406. 
25 Then, phosphorus is added at a low concentration in a self alignment manner using the 

gate electrode 410 and the capacitor wiring 41 1 as masks (Fig. 15C1). A top surface view of a 
pixel at this time is shown in Fig. 15C2. In Fig. 15C2, a cross sectional view obtained by 
cutting along a dotted line C-C corresponds to Fig. 15C1. A concentration of phosphorus in a 
region added at a low concentration of phosphorus is controlled to be 1 x 10 lh to 5 x 10 ' 
30 atoms/cm 3 , typically, 3 x 10 17 to 3 x 10 18 atoms/cm 3 . 

Then, a mask 412 is formed and phosphorus is added thereto with the mask 412 at a high 
concentration to form high concentration impurity regions 413 respectively as a source region or 
a drain region (Fig. 16A). A concentration of phosphorus in this high concentration impurity 
regions is controlled to be 1 x 10 20 to I x 10 21 atoms/cm 3 (typically, 2 x 10 20 to 5 x 10 20 



29 





10 



atoms/cm 3 ). Note that, in the semiconductor film 404, a region overlapped with the gate 
electrode 410 becomes a channel forming region 414, and regions covered with the mask 412 
become low concentration impurity regions 415 and function as LDD regions. Alter the 
addition of the impurity element, the mask 412 is removed. 

Then, although not shown here, in order to form a p-channel TFT used lor a driver circuit 
formed on the same substrate as a pixel, a region as an n-channel TFT is covered with a mask, 
and boron is added to form the source region or the drain region. 

Next, after the mask 412 is removed, a passivation film 416 which covers the gate 
electrode 410 and the capacitor wiring 411 is formed. Here, a silicon oxide film is formed with 
a film thickness of 70 nm. Then, a heat treatment step of activating an n-type or a p-type 
impurity element added to the semiconductor film at respective concentrations is performed. 
Here, heat treatment is performed at 850°C for 30 minutes. 
U Then, an interlayer insulating film 417 made of an organic resin material is formed. 

|. Here, an acrylic resin film having a film thickness of 400 nm is used. Thereafter, contact holes 

Pj 15 which reach the semiconductor film are formed and an electrode 418 and a source wiring 419 are 
2 formed. In this embodiment, the electrode 418 and the source wiring 419 respectively are made 

from a laminate film having a three layers structure, in which a Ti film with a thickness of 100 
nm, an aluminum film containing Ti with a thickness of 300 nm, and a Ti film with a thickness 
of 150 nm are formed in succession by a sputtering method (Fig. 16B1). Note that, in Fig. 
£ 20 16B2, a cross sectional view obtained by cutting along a dotted line D-D' corresponds to Fig. 
Q 16B1. 

h ~ Then, after hydrogenation processing, an interlayer insulating film 420 made of acrylic is 

formed (Fig. 17A1). Then, a conductive film having a light shielding characteristic is formed 
with a film thickness of 100 nm on the interlayer insulating film 420 to form a light shielding 
layer 421. Thereafter, an interlayer insulating film 422 and a contact hole which reaches the 
electrode 418 are formed. A transparent conductive film (here, indium tin oxide (1TO) film) 
with a thickness of 100 nm is formed and then patterned to form pixel electrodes 423 and 424. 
In Fig. 17A2, a cross sectional view obtained by cutting along a dotted line E-E' corresponds to 
Fig. 17A1. 

Thus, a pixel TFT made from an n-channel TFT is formed in the pixel portion while 
keeping an area (aperture ratio is 76.5%) of a display region (26 i m x 26 i m in the pixel size) 
and a sufficient retaining capacitance (51.5 IF) can be obtained. 

Note that this embodiment is one example, and the present invention is not limited to the 
steps of this embodiment. For example, an element selected from the group consisting of 
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tantalum (Ta), titanium (Ti), molybdenum (Mo), tungsten (W), chromium (Cr), and silicon (Si) 
or an alloy of a combination of the elements (typically, an Mo-W alloy or an Mo-Ta alloy) can 
be used as the respective conductive film. Also, a silicon oxide film, a silicon nitride film, a 
silicon oxynitride film, or an organic resin material (polyimide, acrylic, polyamide, 
5 polyimideamide, BCB (benzocyclobutene), or the like) film can be used as the respective 
insulating films. 

Thus, the pixel portion having the n-channel TFT and the retaining capacitor and the 
driver circuit (not shown) having a CMOS circuit composed of the n-channel TFT and the p- 
channel TFT can be formed on the same substrate. In this specification, such a substrate is 
10 called an active matrix substrate for convenience. 

Next, a step of manufacturing a liquid crystal module using the obtained active matrix 
substrate will be described below. 

An orientation film is formed on the active matrix substrate shown in Fig. 17A1 and 
rubbing processing is performed. Note that, in this embodiment, an organic resin film such as 
2j 15 an acrylic resin film is patterned before the formation of the orientation film to form column- 
shaped spacers for keeping a substrate interval in predetermined positions, instead of the 
column-shaped spacers, spherical spacers may be spread on the entire surface of the substrate. 

Then, a counter substrate is prepared. A color filter in which colored layers and a light 
flj shielding layer are arranged corresponding to each pixel is provided in the counter substrate. 

|J 20 Further, a light shielding layer is also provided in the driver circuit portion. A planarizing film 
S is provided to cover this color filter and the light shielding layer. Thereafter, a counter 

electrode made from a transparent conductive film is formed in the pixel portion on the 
planarizing film, an orientation film is formed on the entire surface of the counter substrate, and 
rubbing processing is performed. 

The active matrix substrate in which the pixel portion and the driver circuit are formed is 
adhered to the counter substrate by a sealing material. Fillers are mixed into the sealing 
materials. Two substrates are adhered to each other with keeping a constant interval by the 
fillers and the column-shaped spacers. Thereafter, a liquid crystal material is injected between 
both the substrates and complete sealing is performed by a sealing agent. A known liquid 
crystal material is preferably used as the liquid crystal material to be injected. Thus, the liquid 
crystal module is completed. If necessary, the active matrix substrate or the counter substrate is 
cut into a desired shape. Further, a polarizing plate and the like are suitably provided using a 
known technique. Then, an FPC is adhered using a known technique. 

The liquid crystal module thus manufactured can be used as a display portion of various 
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electronic devices. 

Note that this embodiment can be combined with any one of Embodiment Modes 1 to 10. 
[Embodiment 4] 

In order to check the validity of the present invention, the following experiment is 
performed using argon (Ar) of non metal elements (one kind or plural kinds of elements selected 
from the group consisting of B, Si, P, As, He, Ne, Ar, Kr, and Xe). 

An amorphous silicon film is formed with a film thickness of 400 nm on a substrate and a 
metal element (nickel) having catalytic for promoting crystallization is added onto the surface of 
the amorphous silicon film. A nickel acetate solution including nickel at 100 ppm in weight 
conversion is applied to the amorphous silicon by a spinner to form a catalytic contained layer. 
After heat treatment at 500°C for 1 hour, heat treatment is further performed at 550°C for 12 
hours to form a silicon film having a crystalline structure. 
=y An argon element is added to the thus obtained silicon film having the crystalline 
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™ 15 structure. Here, an ion doping method is used to add an argon element. An argon gas is used 
as a raw gas in condition that an accelerating voltage is 10 keV, a flow rate is 50 seem, a current 
density is 1 i A/cm 2 , and a dose is 2 x 10 15 atoms/cm 2 . Note that the argon element is added 
only by a depth of about 0.05 i m from the surface in this doping condition. Then, heat 
H treatment (anneal) is performed for gettering at 550°C for 4 hours. 

£ 20 A concentration distribution (bv SIMS measurement) of the argon element after addition 

N- and a concentration distribution (by SIMS measurement) of the nickel element after addition are 

shown in Figs. 18 and 19, respectively, using a solid line indicating a concentration distribution 
before anneal. Note that, in Figs. 18 and 19, abscissa indicates a depth and ordinate indicates a 
concentration. The concentration distribution (by SIMS measurement) of the argon element 
25 after anneal and the concentration distribution (by SIMS measurement) of the nickel element 
after anneal are shown in Figs. 18 and 19, respectively, using a dotted line indicating a 
concentration distribution after anneal. 

From experimental results shown in Figs. 18 and 19, it is apparent that the concentration 
distribution of the argon element is not varied before and after anneal but the concentration 
30 distribution of the nickel element is varied before and after the anneal. In the region to which 
the argon element is added by a depth of about 0.05 i m, a maximum nickel concentration after 
anneal becomes 6 x 10 19 atoms/cm 3 . Also, in a region to which the argon element is not added, 
although the nickel concentration before anneal is about 5 x 1() 1S atoms/cm\ the nickel 
concentration after anneal is about 1 x 1() 18 atoms/cm' and reduced to a minimum nickel 



32 




concentration of 4 x 10 17 atoms/cm 3 . 

This result means that the region to which argon is added by a depth of about 0.05 i m 
from the surface acts as gettering sites by anneal processing, the nickel element in the film is 
moved to the gettering sites, and thus the nickel element in the region to which argon is not 
5 added is reduced. 

That is, the experimental result of this embodiment means that anneal is performed after 
the implantation of argon and thus the gettering effect is extremely high and it is indicated that 
gettering using non metal elements (one kind or plural kinds of elements selected from the group 
consisting of B, Si, P, As, He, Ne, Ar, Kr, and Xe) according to the present invention is 
1 0 extremely effective. 

The concentration of the argon element is not varied. Thus, in the case where the 
gettering sites to which the argon element is added is used as a portion of the semiconductor film 
without processing and a TFT is manufactured using the semiconductor film, when heat 
g treatment in a TFT manufacturing step after gettering is performed, the gettering effect can be 

Hi 15 continuously obtained. Also, since the gettering sites are heated by heat produced when the 
S completed TFT is driven, the gettering effect can be continuously obtained. 

5 

s [Embodiment 5] 

The example of a transmission type is described in Embodiment 4. In this embodiment, 
an example of a reflection type is shown in Fig. 20. In this embodiment, a reflection electrode 
is used as a pixel electrode connected with the drain region of a TFT in the pixel portion. 
H a pixel electrode is used as the electrode 418 in Embodiment 4 and a reflection electrode 

1001 as a pixel electrode is formed. This reflection electrode is made from a material having 
superior reflecting property, such as a film including mainly Al or Ag or laminate film thereof. 
25 After the formation of the pixel electrode, preferably, a step such as a known sand blast method 
or a known etching method is added to produce unevenness of the surface, and thus a minor 
reflection is prevented and reflected light is scattered to increase a whiteness degree. 

Note that this embodiment can be combined with any one of Embodiment Modes 1 to 5. 

30 [Embodiment 6] 

A crystalline semiconductor film formed by implementing the present invention is used 
for an active layer of a TFT. and the TFT can be used for various modules (a liquid crystal 
display device, a light emitting type display device, an active matrix type EC display. DMD 
(digital micromirror device) or the like). That is, the present invention can be implemented in 
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all the electronic devices in which those modules are incorporated into their display portions. 

Fig. 24A is an example of completing a television receiver by applying the present 
invention, and is composed of a housing 3001, a supporting stand 3002, a display portion 3003 
and the like. A TFT substrate manufactured by the present invention is applied to the display 
5 portion 3003, and the television receiver can be completed by the present invention. 

Fig. 24B is an example of completing a video camera by applying the present invention, 
and is composed of a main body 3011, a display portion 3012, an audio input portion 3013, 
operation switches 3014, a battery 3015, an image receiving portion 3016 and the like. The 
TFT substrate manufactured by the present invention is applied to the display portion 3012, and 
10 the video camera can be completed by the present invention. 

Fig. 24C is an example of completing a note type personal computer by applying the 
present invention, and is composed of a main body 3021, a housing 3022, a display portion 3023, 
a keyboard 3024 and the like. The TFT substrate manufactured by the present invention is 
applied to the display portion 3023, and the personal computer can be completed by the present 
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Fig. 24D is an example of completing a PDA (Personal Digital Assistant) by applying the 
present invention, and is composed of a main body 3031, a stylus 3032, a display portion 3033. 
H= operation buttons 3034, an external interface 3035 and the like. The TFT substrate 

S? manufactured by the present invention is applied to the display portion 3033, and the PDA can 

o 

H- 20 be completed by the present invention. 

Fig. 24E is an example of completing a sound reproducing apparatus by applying the 
present invention. More specifically, it is an audio apparatus for automobile use, and is 
composed of a main body 3041, a display portion 3042, operation switches 3043 and 3044 and 
the like. The TFT substrate manufactured by the present invention is applied to the display 
25 portion 3042, and the audio apparatus can be completed by the present invention. 

Fig. 24F is an example of completing a digital camera by applying the present invention, 
and is composed of a main body 3051, a display portion A 3052, an eye piece portion 3053, 
operation switches 3054, a display portion B 3055, a battery 3056 and the like. The TFT 
substrate manufactured by the present invention is applied to the display portion A 3052 and the 
display portion B 3055, and the digital camera can be completed by the present invention. 

Fig. 24G is an example of completing a portable telephone by applying the present 
invention, and is composed of a main body 3061, an audio output portion 3062. an audio input 
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portion 3063, a display portion 3064, operation switches 3065. an antenna 3066 and the like. 
The TFT substrate manufactured by the present invention is applied to the display portion 3064. 
and the portable telephone can be completed by the present invention. 

Fig. 25A shows a front type projector, which contains components such as a projecting 
apparatus 2601 and a screen 2602. Fig. 25B shows a rear type projector, which contains 
components such as a main body 2701, a projecting apparatus 2702, a mirror 2703, and a screen 
2704. 

Note that an example of the structure of the projecting apparatuses 2601 and 2702 of Fig. 
25A and Fig. 25 B is shown in Fig. 25C. The projecting apparatuses 2601 and 2702 are 
composed of a light source optical system 2801, mirrors 2802 and 2804 to 2806, a dichroic 
mirror 2803, a prism 2807, a liquid crystal display device 2808. a phase difference plate 2809. 
and a projecting optical system 2810. The projecting optical system 2810 is composed of an 
M- optical system including a projecting lens. A three-plate type example is shown in the present 

embodiment, but there are no particular limitations, and a singie-plate type may also be used, for 
example. Further, optical systems such as an optical lens, a film having a light polarizing 
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3 function, a film for regulating the phase difference, and an IR film may be suitably placed in an 
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y. optical path shown by an arrow in Fig. 25C by an operator. 

Furthermore, Fig. 25D is a diagram showing one example of the light source optical 
system 2801 in Fig. 25C. In the present embodiment, the light source optical system 2801 is 
£ 20 composed of a reflector 2811, a light source 2812, lens arrays 2813 and 2814, a polarizing 
transformation element 2815, and a condenser lens 2816. Note that the light source optical 
system shown in Fig. 25D is one example, and the light source optical system is not limited to 
the structure shown in the figure. For example, optical systems such as an optical lens, a film 
having a light polarizing function, a film for regulating the phase difference and an IR film may 
be suitably placed in the light source optical system by an operator. 

Note that, the electronic devices exemplified in the above is only an example, and the 
present invention is not limited to those use. 
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[Embodiment 7] 

With respect to the crystalline semiconductor film obtained by the steps shown in Figs. 
6A to 6D and 7A to 7D, a gettering effect of a metal element used as a catalyst in crystallization, 
using argon as a noble gas element, is shown in Figs. 21 and 22. 

The crystalline semiconductor film formed in this embodiment is obtained by the 
following steps. That is. an amorphous silicon film with a thickness of 50 nm is deposited on a 
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quartz substrate by a reduced pressure CVD method, Ni is added thereto at 5 ppm, 
dehydrogenation processing is performed at 450°C for 1 hour, and then first heat treatment is 
performed at 600°C for 12 hours to crystallize the amorphous silicon film. Thereafter, a mask 
insulating film as a silicon oxide film having openings is formed and argon ions are implanted 
through the openings at 10 kV and a dose of 2 x 10 15 /cm 2 . Second heat treatment is performed 
at 55()°C for 4 hours to segregate Ni in the region to which argon ions are implanted. An 
interval between the openings is 50 i m. The concentration of nickel in a semiconductor region 
covered with the mask insulating film is quantitatively evaluated. 

Fig. 21 shows a result obtained by measuring the concentration of Ni before the second 
heat treatment by a SIMS analysis and Fig. 22 shows a result of the concentration of Ni after the 
second heat treatment. As can be seen from these two graphs, it is clearly indicated that the 
concentration of Ni is reduced by the second heat treatment and the gettering effect is produced, 
h* Figs. 23A through 23E are graphs indicating several characteristics of an n-channel TFT 

□ manufactured using such a crystalline semiconductor film. A channel length and a channel 

fij 1 5 width of the TFT are 8 l m and 8 l m, respectively. Even in the case of comparison of TFT 
characteristics gettered by phosphorus and argon, characteristics of TFT gettered by argon are 
almost the same as characteristics of TFT gettered by phosphorus, and thus similar gettering 
effect as one by phosphorus can be obtained by using argon of about 2 x 10 13 to 6 x 10 13 /cm". 
As described above, according to the intrinsic gettering performed by implanting the 



^ 20 element belonging to the group 18 of the periodic table to the semiconductor film in the present 
invention, an effect such that the metal element left in the crystalline semiconductor film is 



gettered is extremely high. This can produce an increase in a purity of the crystalline 
semiconductor film formed using the metal element having a catalytic action and an 
improvement in productivity of a semiconductor device using the crystalline semiconductor film. 
25 The noble gas element is easy to use even in the case of ion doping. Since the noble gas 

element can be used without diluting it with a balance gas or the like, there is a characteristic 
such that a time required for doping is shortened. 

Also, according to the intrinsic gettering performed by implanting the noble gas element 
to the semiconductor film in the present invention, an effect such that the metal element left in 
the crystalline semiconductor film is gettered is extremely high. This can produce an increase 
in a purity of the crystalline semiconductor film formed using the metal element having a 
catalytic action and an improvement in productivity of a semiconductor device using the 
crystalline semiconductor film. That is, the noble gas element is an inert gas and easy to use 
even in the case of ion doping. Further, there is a characteristic such that a lime required for 
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doping is shortened. 
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